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A B S T R A C T
Strains of Lactobacillus plantarum were studied for starter cultures and probiotic functions
with the overall aim of selecting multifunctional cultures that could bring about fermen-
tation of cereals as well as rendering health benefits. Two L. plantarum strains previously
isolated fromWest African fermented cereals were sub-typed using RAPD-PCR; these strains
carried different plasmid profiles ranging from 2 to 50 kb and showed variation in carbo-
hydrate fermentation patterns. RT-PCR analysis showed that the gene coding for rhamnosidase
was expressed by both strains, but the amylase gene was only expressed by L. plantarum
ULAG11. L. plantarum ULAG24 demonstrated antagonism to food borne pathogens and ex-
pressed all nine genes associated with plantaricin biosynthesis while only 3 genes of the
plantaricin operon were identified in the strain ULAG11. Both L. plantarum strains were similar
in their resistance to acid (pH 2.0) and were tolerant to bile salt concentration of 0.3% (w/
v) and were able to grow under anaerobic environment. Adhesion assays indicated that
L. plantarum ULAG24 adhered to HT29 cell line and competitively excluded Salmonella enterica
LT2. In vivo analysis showed limited colonisation of BALB/c mice gut, but stimulation of IFNγ
(1.2 ng/ml) and IL10 (3.4 ng/ml) by L. plantarum ULAG24 was observed. This shows that
L. plantarum ULAG24 possesses probiotic functions as well as plantaricin production poten-
tial, while expression of amylase enzyme was detected in L. plantarum ULAG11.The identified
diverse functional attributes among L. plantarum strains showed that these two strains could
be used for industrial processing of fermented cereals in W. Africa with added benefits of
the strains having probiotic potential for human health.
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
L. plantarumwas isolated from different vegetable materials and
used as starter cultures for fermentation of silage, cabbage, cu-
cumber, olive, cereal and cassava.This bacterium has also been
previously isolated from different African cereals fermented
foods, such as Ogi and kunu zaki (Gaffa, Jideani, & Nkama, 2002;
Oguntoyinbo & Narbad, 2012), koko (Lei & Jakobsen, 2004),
kenkey (Halm, Lillie, Sorensen, & Jakobsen, 1993), togwa (Mugula,
Nnko, Narvhus, & Sørhaug, 2003) and ben-saalga (Tou et al.,
2006). These important fermented cereals are consumed as
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complementary infant foods as well as non-alcoholic cereal
beverages (Lartey, Manu, Brown, Peerson, & Dewey, 1999; Nnam,
2000; Ojofeitimi, Abiose, Ijadunola, Pedro, & Jinadu, 2001).
During industrial fermentation of non-malted cereal by
lactic acid bacteria (LAB), there is insufficient availability of
fermentable sugar to support rapid production of lactic acid
(Nout, 2009). In addition, fermented cereals provide limited
level of amino acids, such as lysine and methionine, needed
to support the nutritional requirement of human consumer
(Teniola & Odunfa, 2001). To ameliorate these deficiencies,
microbial fermentation using carefully selected starter cul-
tures with defined technological properties and added
nutritional benefits with promising health advantages has
been consistently proposed (Holzapfel, 2002; Turpin, Humblot,
& Guyot, 2011).
In our recent study, the dominance of Lactobacillus species
during cereal fermentation and the presence of other bacte-
ria with safety challenges were identified (Oguntoyinbo &
Narbad, 2012; Oguntoyinbo, Tourlomousis, Gasson, & Narbad,
2011).Therefore, harnessingmany functional properties of these
beneficial bacteria may significantly contribute to strategies that
can improve nutritional quality and safety and promote health
status of consumers of traditional fermented cereals, particu-
larly in developing countries.
Amylase activity is an essential prerequisite during starchy
food fermentation; it enhances hydrolysis of amylose and
amylopectin to release fermentable maltose. Amylolytic bac-
terial strains are therefore desirable and could be readily
applied as starter cultures during traditional cereal fermen-
tation. L. plantarum A6, an amylolytic strain, has previously
been isolated from fermented cereals in Africa, and its
α-amylase gene was cloned and sequenced (Giraud, Brauman,
Keleke, Lelong, & Raimbault, 1991; Giraud & Cuny, 1997), and
the expression of this gene was also identified during in situ
fermentation (Humblot et al., 2014; Oguntoyinbo & Narbad,
2012). Efforts have also been made to produce recombinant
L. plantarum strains with amylolytic activity, but these clones
are not particularly attractive to large-scale fermentation due
to the requirement for the associated technologies that are
not always available in developing countries. Also, it was
recently shown that antioxidant properties of certain cereals
were affected during fermentation by food grade bacteria
(Wang, Wu, & Shyu, 2014). Plant foods are rich in rhamnose
sugars, and α-L-rhamnosidase producing Lactobacillus strains
can catalyse hydrolysis of rhamnose containing phenolic con-
jugates to bring about increase in free polyphenols as well as
flavonoid antioxidants (Beekwilder et al., 2009). The expres-
sion of this characteristic in L. plantarum used as starter culture
could be relevant to the improvement of nutritional quality
of fermented foods; this is also related to recent study that
showed nutritional relevance of probiotic-riboflavin-
overproducing L. plantarum (Arena et al., 2014).
Post processing contamination due to poor handling and
sanitation constitutes safety challenges, with many unre-
ported cases of diarrhoea especially among infants and immune
compromised adults, leading to high morbidity and mortal-
ity. Bacterial strains that can dominate the fermentation process
and produce antimicrobials are particularly attractive and de-
sirable for pathogen control and improvement in safety and
quality of traditional foods in Africa (Abriouel, Maqueda, Galvez,
Martinez-Bueno, & Valdivia, 2002; Franz et al., 2014; Todorov,
Ho, Vaz-Velho, & Dicks, 2010).
Application of probiotic starter cultures for control of in-
fantile diarrhoea showed promise, with some studies justifying
their relevance in functional foods (Cebrián et al., 2012). Most
probiotics LAB are obtained from gut, and their functionality
in health improvement has been consistently reported (Xia
et al., 2011).They are mainly selected because of their long time
association, adaptation and ability to survive in the gut
(Anderson, Cookson, McNabb, Kelly, & Roy, 2010; Wang, Lin, Ng,
& Shyu, 2010). Many LAB isolated from food has been poorly
investigated for probiotic characteristics when compared to
strains derived from faecal or virginal origin. Field studies on
diarrhoea control in Ghana involving feeding of infant with
kenkey produced using bacteria isolated from koko lowered the
prevalence of infantile diarrhoea (Halm et al., 1996; Lei, Friis,
& Michaelsen, 2006; Lei & Jakobsen, 2004). Similar observa-
tion was reported in young children fed with togwa, a lactic
acid fermented cereal gruel inTanzania (Svanberg, Sjögren, Lorri,
Svennerholm, & Kaijser, 1992).
There is a need for more information on functional attri-
butes of wild strains of L. plantarum isolated from fermented
vegetal cereals substrates for African food applications. Strains
of this species often differ in their phenotypic traits; some
capable of adhering to GI tract; others are amylolytic,
rhamnosidase and bacteriocin producers; some also have di-
vergent immune stimulation properties (Meijerink et al., 2010).
Important strains such as L. plantarum WCFS1 have been ad-
equately studied for genome and probiotic functions
(Kleerebezem et al., 2003; Meijerink et al., 2010). It has also been
suggested that individual strains from different regions could
be more adaptable and should be studied for their inherent
beneficial properties, especially in Africa where they can be ap-
plicable as probiotic starter cultures (Franz et al., 2014). Such
strains with fermentation and health improvement advan-
tages will be more relevant during industrial processing and
guarantee improved safety and quality of fermented cereal
foods. In this study, we used genomic methods to determine
strain divergence among L. plantarum and their multifunc-
tional properties that can facilitate fermentation, gut survival,
colonisation and in vivo immune stimulation.
2. Materials and methods
2.1. Bacterial culture
L. plantarum ULAG11 and ULAG24 (accession numbers KT008121
and KT008122 respectively) were previously isolated from fer-
mented kunu-zaki and ogi in Nigeria (Oguntoyinbo & Narbad,
2012); L. plantarum subsp. plantarum DSM20174, L. plantarum
subsp. argentoratensis DSM16365 and L. amylovorus DSM20531
were obtained from Deutsche Sammlung von Mikroorganismen
und Zellkulturen (DSMZ) (Inhoffenstraße, Braunschweig,
Germany). All lactobacilli and Enterococcus faecalis were main-
tained on MRS (Basingstoke, Hampshire, Oxoid, UK). L. johnsonii
F19785, E. coli K12 and S. enterica LT2 were obtained from IFR’s
in-house culture collection and were cultured in MRS (Oxoid,
UK) and LB (Oxoid, UK) respectively.
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2.2. Sugar fermentation
API 50CHL (bioMérieux, Basingstoke, Hampshire, UK) was used
to determine the sugars fermented by L. plantarum strains fol-
lowing the manufacturer’s instructions.
2.3. DNA and RNA extraction
Genomic DNA and plasmids of Lactobacillus strains were ex-
tracted using the genomic DNA extraction and mini prep kits
(Qiagen, Manchester, UK), respectively, following manufactur-
er’s instructions,withmodification that cell lysis was performed
using 5 mg/ml lysozyme and 10,000 U/ml mutanolysin and in-
cubated at 37 °C for 30 min.Total RNA was extracted using the
RNA isolation kit (Promega, Southampton, Hampshire, UK) with
ca. 1 × 108 L. plantarum cells grown in MRS broth at 37 °C to the
end of logarithmic growth phase (ca. 5 h) The concentration
of RNA was determined using Nanodrop at 260 nm
(Thermofisher Scientific, Loughborough, UK).
2.4. Genomic characterisation
Genomic DNA of L. plantarum typed, reference and isolated
strains were used to characterise the strains using 16S rDNA
sequencing, MLSA and RAPD-PCR as previously described
(Oguntoyinbo & Narbad, 2012).
2.5. Screening for starter cultures functional properties
The rate of acid production was determined following the
method described previously (Mathara et al., 2008). L. plantarum
strains were screened for amylase activity using the method
described by Ampe, Sirvent, and Zakhia (2001). Bacteriocin pro-
duction was determined by demonstration of antagonism
against indicator organisms (E. coli K12, S. enterica LT2, Entero-
coccus faecalis, L. casei) following the spot-on-lawn protocol (acid
removed by neutralisation with NaOH) (Olasupo, Schillinger,
Narbad, Dodd, & Holzapfel, 1999). Second screening by re-
peated plating using MRS agar was supplemented with
bromocresol purple acidic pH indicator and 20 mg/l NaHCO3
for neutralisation.
2.6. Expression studies using by RT-PCR
Expression of genes coding for amylase, rhamnosidase and bac-
teriocin in L. plantarum strains was determined in vitro using
cDNA generated from RNA extracted from the L. plantarum by
reverse transcriptase (Stratagene nowAgilentTechnology, Stock-
port, Cheshire, UK) following manufacturer’s instructions. PCR
amplification of conserved region of amylase and rhamnosidase
gene cluster was carried out using the primer pairs Amy 10F
and 10R; ram 1 and ram 2 whose sequences are shown in
Table 1 and for bacteriocin pln A, B,C,D, E,G, J,K, L,N; plantaricin
structural gene NC8, S,W primers used were adapted from Ben
Omar et al. (2006). Expression of mannose-specific adhesion
gene (msa) was determined with RT-PCR as described above
using MsaF and MsaR primer set listed in Table 1. PCR condi-
tion was set at 95 °C for 1 min, 33 cycles of 95 °C for 35 s, 57 °C
for 1.15 s, and 65 °C for 1.15 min and 65 °C for 5 min final ex-
tension.The PCR products were separated on 1.6% (w/v) agarose
gels at 48 V for 17 h. Band patterns were visualised by eth-
idium bromide staining and photographed under UV
illumination.
2.7. In vitro tolerance assays
Acid and bile tolerance of the Lactobacillus strains was deter-
mined as previously described (Hyronimus, Le Marrec, Hadj
Sassi, & Deschamps, 2000). L. plantarum were grown in MRS
broth with pH regime 2, 4, 5 and 6, and observed turbidity OD
measured at 600 nm. Also, the strains overnight cultures were
adjusted to pH 6 and a solution of bile salts (Oxoid) was added
to a final concentration of 0.3% (v/v). In the control tube the
addition of bile salt was omitted. Samples were incubated for
6 h at 37 °C, and aliquots were taken before adding bile salts
subsequently at times 0, 1, 3 and 6 h for determination of cell
count by plating in triplicate onto MRS agar.
2.8. In vitro adhesion and pathogens exclusion studies
Human intestinal cell lines, HT29 cells, obtained from Euro-
pean Tissue Culture Collection (Dorset, UK), were routinely
cultured in growth media, supplemented with glutamax
(Invitrogen, Inchinnan, Renfrew, UK), 10% v/v foetal calf serum
(FCS, Sigma), 2% (v/v) penicillin-streptomycin (Invitrogen) and
incubated at 37 °C overnight under 5% CO2 and 95% atmo-
spheric air at constant humidity. The medium was changed
every two days, and the cells were sub-cultured by treatment
with trypsin-EDTA (Invitrogen) for 5 min at 37 °C, and the cells
were counted using haemocytometer (Pinto, Kafatos, & Michel,
2008). HT29 cells (1 × 106 cells/well) were allowed to attach and
grow in 6-well tissue culture plates for 48 h.The resulting con-
fluent mono-layers were washed twice with phosphate-
buffered saline (PBS) in order to remove cellular debris, FCS and
Table 1 – List of PCR primers used for different genes amplifications in this study.
Primer name Sequence (5’- 3’) Position Reference
MasF TATGATGCCAAGACGGGAAT 262 This study
MasR GCCTGCGACTCTCCTGTATC 719 This study
Amy10F GTTGCTCAAGCGGATAGTGA 361 This study
Amy10R GACGCGCTATTTCCAACTTT 541 This study
AmyPBF CTCAAAATTCTCAAGTTCAGACG 901 This study
AmyPBR TGCAAAGTACTTGCGGTAAAA 1201 This study
M13 GAG GGT GGC GGT TCT Oguntoyinbo et al. (2011)
Ram1 TATATAGATCTCATGTCGAAAGAGGCTGTTTGG Beekwilder et al. (2009)
Ram 2 TATAATCTCGAGTCACACTGGGACCACCGCAGTTG Beekwilder et al. (2009)
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antibiotics. Overnight grown cultures of L. plantarum ULAG11,
L. plantarum ULAG24 and L. johnsonii F19785 were washed three
times in sterile PBS and centrifuged at 8000 × g and resus-
pended in sterile RPMI medium (without antibiotic) to give a
final concentration of 1 × 108 CFU/ml.Adhesion potential of LAB
strains and S. enterica LT2 was individually tested by adding 1ml
of prepared cell suspension to the washed confluent mono-
layer and incubated at 37 °C for 2 h under humidified
atmosphere containing 5% CO2. Cell monolayers were washed
thrice with sterile PBS to remove unattached bacteria, 1 ml of
1:100 Triton X-100 diluted with PBS was added to each well,
and a magnetic flee was added and the tissue culture plate was
placed on the magnetic stirrer for 10 min to dislodge the mono-
layer. The adhered bacteria in the cell suspension were
enumerated by serial dilution in PBS and plating on MRS agar.
Colonies were counted after incubation at 37 °C for 24 h. Ad-
hesion was expressed as the percentage of recovered viable
bacteria compared to the initial population added to the
monolayer.
2.9. In vitro pathogen exclusion assay
HT29 cells were prepared as for the adhesion assays de-
scribed above. Competition of individual lactobacilli with
pathogen was determined by inoculating confluent mono layer
with mixed cultures (1 ml) containing 500 µl, 5 × 108 CFU/ml in-
dividual Lactobacillus stains and equal volume of S. enterica LT2
ca. 108 and incubated at 37 °C for 2 h. Cells in the plates were
washed twice with PBS to remove non-adhered bacteria and
lysed with 1 ml of 1:100 Triton X-100 diluted with PBS in each
well of the tissue culture plate. A magnetic flee was added into
each well and stirred for 10 min.
The cells in the plates were washed, stirred, diluted and
plated (lactobacilli on MRS, S. enterica LT2 on LB agar) and then
incubated at 37 °C overnight to obtain CFU value.
2.10. In vivo colonisation of mice gut
Antibiogram tests were conducted on both lactobacilli, and it
was established that both strains were resistant to neomycin
and streptomycin. During in vivo colonisation study, the use
of these antibiotics allowed selection of these bacteria from
the mice faecal pellets. Cells were grown and diluted to obtain
109 CFU/ml in sterile PBS; 0.1 ml of cell suspension was gavaged
once to group of five BALB/c mice. All mice were of the same
age and sex (male). Mice gut colonisation was monitored by
plating 0.1 ml of serially diluted mice faecal samples on MRS
agar containing neomycin 10 µg/ml and streptomycin 25 µg/ml.
2.11. Cytokine assays
Small intestines of the four sets of mice pre-dosed with lac-
tobacilli were removed, and RNA was extracted as described
above. Two step QuantiTect Reverse Transcription Qiagen was
used first for gDNA wipe-out, followed by reverse transcrip-
tion of 0.5 µg RNA to synthesise cDNA using Quantitect Reverse
Transcription kit (Qiagen) following the manufacturer’s in-
structions. Quantitative RT-PCR was performed using mouse
Mm_IL10_1_SG QuantiTect Primer Assay (200) (QT00106169) for
IL10 (Entrez gene ID 16153) and Mm_ IFNγ _1_SG QuantiTect
Primer Assay (200) (QT01038821) for IFNγ (Entrez gene ID15978)
and GAPDH (glyceraldehyde-3-phoshate dehydrogenase) with
the SYBER Green PCR master mix (Thermofisher, UK) in the
Applied Biosystems 7500 PCR system (Applied Biosystems,
Bishop Meadow Road, Loughborough, UK). Real-time PCR ex-
pression was performed in triplicate on each cDNA sample.The
threshold (CT) value was determined for each measurement
and results calculated as comparative threshold as previ-
ously described by Capozzi et al. (2010).
2.12. Statistical analysis
Analyses were performed in triplicates and data represent mean
values with standard deviation. RAPD cluster was generated
using TotalLab software.
3. Results
3.1. Genomic diversity and plasmid profile of
L. plantarum strains
RAPD-PCR indicated polymorphism among L. plantarum ULAG11
and ULAG24 (Fig. 1a). In this analysis L. plantarum ULAG24 was
found to be totally divergent from L. plantarum ULAG11. The
strains were different from L. plantarum subsp. argentoratensis
DSM16365 isolated from fermented cassava in W. Africa and
typed strain L. plantarum subspecies plantarum DSM20174.The
two strains were originally isolated from ogi and kunu-zaki, re-
spectively, and harboured different plasmids profiles. Plasmids
in L. plantarum ULAG24 ranged from >2 kb to 50 kb compared
to L. plantarum ULAG11 where ca. 45–50 kb plasmids were de-
tected (Fig. 1b).Variation in sugar fermentation pattern among
L. plantarum strains was also detected (Table 2). The results
shows that only strain ULAG24 fermented L-rhamnose, while
glycogen and starch fermentation was observed in ULAG11. Rate
of acid production by the two strains grown in MRS broth was
similar, with final pH decreasing to 4 after 24 h growth. The
results of RAPD strains diversity analysis justified the need for
further probing of possible distribution of functional charac-
teristics among the L. plantarum strains.
3.2. Starter cultures functions
3.2.1. Expression of rhamnosidase and amylase genes
Expression of conserved domain of amylase gene designated
as amy10 was only observed in L. plantarum ULAG11 (Fig. 2a).
Lack of expression of this domain in L. plantarum ULAG24 in-
dicated that strain may not have the same potentials for cell
bound or extra cellular amylase production.
Amylase and rhamnosidase expression was determined by
RT-PCR. Expression of rhamnosidase by both strains was de-
tected in the RT-PCR analysis as shown in Fig. 2b.
3.2.2. Antimicrobial activities and bacteriocin gene
expression
Antibacterial activity was only demonstrated in L. plantarum
ULAG24 against S. enterica LT2 in the spot-on-lawn assay. The
screening agar medium used in this assay neutralised the acid
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and H2O2, not generally produced by homofermenters like
L. plantarum; hence, the antibacterial substance in the cell free
mediumwas suspected to be a bacteriocin. Proteinaceous nature
of the antimicrobial compound was confirmed by the loss of
activity after proteinase K treatment. Expression of pln B C D
E G J L NC8 S representing the entire plantaricin operon was
detected in L. plantarum ULAG24, while only pln B J W were ex-
pressed by strain ULAG11 (Table 3).
3.2.3. Tolerance to acid and bile salts
L. plantarum strains ULAG11 and ULAG24 showed similar gastric
juice resistance, and both strains were tolerant to bile con-
centration at 0.3% (w/v). Similar growth pattern was observed
by the strains under anaerobic incubation as well as in MRS
broth adjusted to pH 2.0.
3.2.4. In vitro adhesion
The adhesion of L. plantarum to HT 29 cell line in comparison
with L. johnsonii F19785 and S. enterica LT2 showed that
L. plantarumULAG24 adhered better than other lactobacilli, while
S. enterica LT2 had the highest adhesion capacity (Fig. 3a). In
vitro adhesion potential of L. plantarum strains was also con-
firmed by expression of Msa gene in ULAG24 grown in MRS
broth for 6 h (Fig. 3b). This is an essential gene previously de-
scribed to be responsible for adhesion of L. plantarum strains
(Pretzer et al., 2005).
3.2.5. Colonisation and competitive exclusion
The pattern of the in vivo colonisation of mice gut by the lac-
tobacilli varied among the lactobacilli strains. Administration
of a single dose of 108 cells showed that lactobacilli were de-
tected in the faeces of the mice at day 1; the values
subsequently decreased over time (Fig. 4a). The ability of lac-
tobacilli strains to competitively exclude pathogen was also
determined using tissue HT29 cell culture. S. enterica LT2 was
competitively excluded in this assay by L. plantarum ULAG24
(Fig. 4b). In contrast L. plantarum ULAG11 or L. johnsonii F19785
could not competitively exclude this pathogen.
(a) (b)
L. plantarum ULAG24
L. plantarum subsp. plantarum DSM20174
L. plantarum F108597
L. plantarum ULAG11
L. plantarum FI08596
L. plantarum FI08595
L. plantarum FI10138
L. amylovorus DSM20531
L. plantarum subsp. argentoratensis DSM16365
50
4
2
20
30
40
10
6
Band size (kbp) M 1 2
Fig. 1 – RAPD-PCR and plasmid profile of L. plantarum strains isolated from ogi and kunu-zaki, and reference strains.
(a) RAPD-PCR fingerprint pattern obtained from M13 clustered using Pearson product moment correlation coefficient and
the Unweighted Pair Group Method using arithmetic averages (UPGMA). L. amylovorus DSM20531 was used as an outcast.
(b) Plasmid profile of L. plantarum. Lanes: M. Ladder; 1. L. plantarum ULAG11; 2. ULAG24. Data represent replicate of two
determinations (n =2).
Table 2 – Summarised API 50CHL showing divergent sugar fermentation profiles of L. plantarum
strains isolated from cereal food.
L. plantarum
ULAG24
L. plantarum
ULAG11
L. plantarum subsp.
argentoratensis
DSM16365
L. plantarum
subsp. plantarum
DSM20174
L-Arabinose + + − +
L-Rhamnose + − − −
Amidon(Starch) − + + −
Glycogen − + − −
D-Turanose + − − +
D-Arabitol + − + +
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3.3. In vivo stimulation of cytokines
Expression of both IFNγ and IL10 was observed in mice’s small
intestine previously gavaged with L. plantarum ULAG24.
L. plantarumULAG24 stimulated IFNγ (1.2 ng/ml) and IL10 (3.4 ng/
ml) per expression of GAPDH in the small intestine (Fig. 5a).
In contrast, L. plantarum ULAG11 or L johnsonii F19785 stains
did not induce detectable cytokines (Fig. 5b).
4. Discussion
L. plantarum strains isolated from ogi and kunu-zaki were ex-
amined for their functional properties with the aim of
generating information that can be useful for the develop-
ment of predictable fermentation as well as potential health
benefits to consumers of these traditional fermented cereal
foods.We have previously shown that L. plantarum strains grew
in cereal mensrum, reached ca. 108 from 106 inoculum, with
a corresponding reduction of pH from 6.4 to 3.5 within 12 h
(Oguntoyinbo & Narbad, 2012). In this study, the results of phe-
notypic and genomic analysis showed diversity among the two
L. plantarum strains, and they were shown to possess differ-
ent plasmids as extra chromosomal elements.Although specific
functions were not tagged to the plasmids in this study, di-
vergence in extra chromosomal elements among LAB has been
previously described and may confer specific functional ad-
vantages that can be maximised during large-scale food
fermentation (Olasupo, Olukoya, & Odunfa, 1994; Rathore,
Salmerón, & Pandiella, 2007).
Rapid hydrolysis of starch is essential for adequate fermen-
tation of cereals and tubers that are consumed in Africa
(Songre-Ouattara et al., 2009). Bacterial strains with extra-
cellular amylase production during fermentation have been
reported to facilitate such fermentation by providing metabo-
lisable carbohydrates that aid rapid hydrolysis, an important
prequisite for industrial fermentation process (Songré-Ouattara,
Mouquet-Rivier, Humblot, & Rochette, 2010). Lactobacilli with
amylase production will thus be more desirable due to their
ability to simultaniously bring about acid production that im-
proves preservation and safety of fermented foods. L. plantarum
ULAG11 was identified as a strain that produces amylase, pre-
viously demonstrated by Oguntoyinbo and Narbad (2012), and
the results here also showed the expressed extracelluar amylase
gene. Similar amylolytic L. plantarum A6 was isolated from
Congo, L. manihotivorans from cassava in Colombia and
L. amylovorus from beer malt in Germany (Bohak et al., 1998;
Giraud et al., 1991).
Many plant-based substrates that are fermented by lacto-
bacilli have been reported to contain high percentages of
rhamnose sugars; these can serve as a substrate for Lactoba-
cillus metabolism and bring about release of B-group vitamins,
polyphenols and antioxidants during fermention of cereals for
production of healthier foods, an important applicable strat-
egy to combact nutritional deficiency in African vegetal diets
(Beekwilder et al., 2009; Capozzi, Russo, Dueñas, López, & Spano,
2012; Waters, Mauch, Coffey, Arendt, & Zannini, 2015). This
process is brought about by the activity of α-L-rhamnosidases,
which catalyse hydrolysis of the rhamnose sugar from con-
jugates. Phenotypic analysis using API 50CHL identified
L. plantarum ULAG24 as a strain that fermented L-rhamnose.
Total genomic sequence of three L. plantarum strains avail-
able in NCBI genome database was used to design primers to
screen for presence of putative rhanmosidase genes using RT-
PCR.The expression data for the ram gene are consistent with
the API 50CHL phenotypic profile of the two L. plantarum strains.
Bacteriocin production is a common feature among lacto-
bacilli isolated from a variety of sources. L. plantarum ULAG24
inhibited Salmonella in the spot-on-lawn experiment. Further-
more, expression of the entire plantaricin operon is an
indication for likelihood of this antimicrobial being plantaricin,
although the exact identity of the peptide will require physi-
cal evidence by MS or peptide sequence analysis. This result
is in agreement with previous studies of L. plantarum that iden-
tified the bacteriocin as plantaricin (Ben Omar et al., 2006, 2008).
a b             
1 3 6 7542 1 2 3 4 5
Fig. 2 – Expression of fermentation functional genes. (a) RT-
PCR amplified amylase genes. Lane: 1. AmyP L. plantarum
ULAG24; 2. AmyP L. plantarum ULAG11; 3. AmyPB
L. plantarum ULAG24; 4. AmyPB L. plantarum ULAG11; 5.
Amy10 L. plantarum ULAG24; 6. Amy10 L. plantarum
ULAG11; 7. Hyper ladder. (b) RT-PCR amplified
rhamnosidase genes. Lanes 1. L. plantarum ULAG24; 2.
L. plantarum ULAG11. Data represent replicate of two
determinations (n = 2).
Table 3 – PCR amplification of plantaricin genes among
L. plantarum strains isolated from ogi and kunu-zaki.
Plantaricin genes Strain
L. plantarum
ULAG11
L. plantarum
ULAG24
plnA − −
plnB + +
plnC − +
plnD − +
plnE − +
plnG − +
plnJ + +
plnK − −
PlnL − +
PlnN − −
Plantaricin NC8 structural gene − +
Plantaricin S structural gene − +
PlantaricinW structural gene + −
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Use of bacteriocinogenic lactobacilli to improve shelf life and
safety of fermented food has been suggested previously
(Bogovic-Matijasic, Rogelj, Nes, & Holo, 1998; Nielsen et al., 2010).
This is particulary attractive especially for control and inhi-
bition of acid-resistant pathogens in acidified fermented foods
(Adams & Nicolaides, 2008; Tetteh, Sefa-Dedeh, Phillips, &
Beuchat, 2004). Consumption of fermented cereal foods that
retain viable microbial population has been identified as a safe
and cheapmethod for delivery of probiotic strains.These strains
have the ability to ferment the substrate and impact health
benefits via colonisation of the gastrointestinal tract. Many mi-
crobes used to achieve this objectives were previously isolated
from the gut and faeces of human and animals (Audisio &
Benítez-Ahrendts, 2011).
African fermented foods have been shown to possess health
benefits; for instance, Lei and Jakobsen (2004) showed that spent
water from koko fermentation prevented diarrhoea in Ghana.
Mathara et al. (2008) demonstrated cytokine stimulation among
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Fig. 3 – In vitro determination of L. plantarum probiotic functional properties. (a) Comparative adhesion assay of lactobacilli
and S. enterica LT2 to HT-29 cells. Data are expressed as the number of adherent bacteria relative to the number of seeded
bacteria (% adhesion). Values represent the mean and SD of three independent experiments. (b) RT-PCR of mannose-specific
adhesion gene. Lanes: I. DNA ladder; II. Undetectable expression of mannose adhesion gene in L. plantarum ULAG11; III.
Expressed mannose adhesion gene by L. plantarum ULAG24.
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Fig. 4 – L. plantarum colonisation and competitive exclusion. (a) Mice gut colonisation by lactobacilli species from day 1 to 6.
(b) Competitive exclusion of S. enterica LT2 by lactobacilli strains on HT-29 cells. Data are expressed as the number of
Lactobacillus cells relative to the number of S. enterica LT2 seeded (% adhesion). Value represents the mean and SD of three
independent experiments.
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strains isolated from kule naoto, a Masai dairy product in Kenya.
The fear of transferable genetic elements coding for antimi-
crobial resistance is of safety challenge to application of
probiotics (Gueimonde, Sánchez, de Los Reyes-Gavilán, &
Margolles, 2013). The two L. plantarum strains studied were re-
sistant to aminoglycoside (neomycin and streptomycin); the
gene cassette for resistance to aminoglycoside is chromo-
somal bond, previously shown to be common and stable among
food grade LAB (Ouoba, Lei, & Jensen, 2008). Results from this
study indicated that L. plantarum ULAG24 also possesses tol-
erance to stomatch acidity and bile salts, gut colonisation, and
in vitro pathogen competitive exclusion and in vivo immune
stimulation characteristics. Of the two isolated L. plantarum
strains, ULAG24 was demonstrated to possess the most prom-
ising probiotic functions since it competitively excluded
S. enetrica, adhered well to gut epithelia cells and expressed
mannose-specific adhesin gene (msa). This result is in agree-
ment with previous reports where L. plantarum was shown to
bind to mannose residues, a property that facilitates inhibi-
tion of colonisation of pathogen by competitive exclusion and
therefore prevent gut infection (Gross, Snel, Boekhorst, Smits,
& Kleerebezem, 2010; Pretzer et al., 2005).
L. plantarum ULAG24 also stimulated synthesis of cytokines
IL10 in mice gut which is known to be anti-inflamatory, and
IFNγ which has antiviral, immunoregulatory, and anti-tumour
properties. These cytokines play important role as gut
immunoregulators, and their induction during persistence
and chronic diarrohea associated with rotaviruse and
enteropthogenic E. coli in developing counties has been well
documented (Azim et al, 1999; Flores et al., 2008; Oguntoyinbo,
2014).Therefore, this strain can be referred to as probiotic starter
cultures with health improvement properties that include gut
colonisation, pathogens inhibition and induction of immune
response.
5. Conclusion
Lactobacilli are consumed in large numbers via many fer-
mented cereals inW. Africa. Their use as starter cultures with
probiotic properties referred to as multifunctional strains in
this study can bring about delivery of functional food with
added health benefits, as well as improve food safety in de-
veloping countries. This study showed genetic diversity of
L. plantarum and distribution of functional properties in dif-
ferent strains. Only very few lactobacilli have been shown to
be amylolytic; this study supports the existing knowledge by
demonstrating that L. plantraum ULAG11 is amylolytic, ex-
pressed conserved region of amylase gene, and indicated strong
ability for in situ production of amylase in cereal fermenta-
tion menstrum. This property could be annexed for rapid
hydrolysis of starch to aid acidity, pH reduction needed for
pathogen control and flavour development.The two L. plantarum
strains expressed gene coding for rhamnosidase; rhamnosidase
is an important enzyme for hydrolysis of rhamnose in cereals
for functional benefits. The strains also survived bile 0.3% (w/
v) and acid up to pH 2.0; this justified their ability to withstand
and adapt to GI conditions, a prerequisite for probiotic can-
didate selection, previously under-investigated in food grade
microbes. In addition, L. plantarum ULAG24 showed very rel-
evant probiotic properties; it adhered to HT29 cells and BALB/C
gut, stimulated gut cytokines (IL10 and IFN-γ), produced bac-
teriocin by expression of planatricin genes and competitively
excluded pathogen.Multifunctional strains such as L. plantraum
ULAG11 and ULAG24 in African fermented cereal foods have
merits; their important technological properties could be further
investigated and developed for application for both small- and
large-scale industrial cereal food production with enhanced
health benefits.
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Fig. 5 – Cytokine expression in the mice small intestine, 6 days after administration of L. plantarum ULAG24. (a) Quantitative
PCR demonstrating IFN-γ in levels in mice gut. Each bar represents mean copies and SD of IFN-γ normalised to mean copies
of GAPDH three independent experiments. (b) Quantitative PCR demonstrating IL10 level in mice given the lactobacilli. Each
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